CIHM 
Microfiche 
Series 
(Monographs) 


ICIMH 

Collection  de 
microfiches 
(monographles) 


Canadian  Instituta  for  Historical  Microraproductiont  /  Institut  Canadian  da  microraproductions  historiquas 


Technical  and  Bibliographic  Notes  /  Notes  techniques  et  bibliographiques 


The  Institute  has  attempted  to  obtain  the  best  original 
copy  available  for  filming.  Features  of  this  copy  which 
may  be  bibliographically  unique,  which  may  alter  any 
of  the  images  in  the  reproduction,  or  which  may 
significantly  changi  the  usual  mettiod  of  filming,  arc 
checked  below. 


0 
0 


Coloured  covers/ 
Couverture  de  couleur 

Covers  damaged/ 
Couverture  endommagte 


Covers  restored  and/or  laminated/ 


I I  Couverture  rastaurie  et/ou  pclliculie 


Cover  title  missing/ 

titre  de  couverture  manque 


□  Coloured  maps/ 
Cartas  gtographiques  en  couleur 

□  Coloured  ink  (i.e.  other  than  blue  or  Mack)/ 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noire) 


n 


Coloured  plates  and/or  illustrations/ 
Planches  et/ou  illustrations  en  couleur 


Bound  with  other  material/ 
Relii  avec  d'autres  documents 

Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin/ 

La  reliure  serrie  peut  causer  de  I'ombre  ou  de  la 
distorsion  le  long  de  la  marge  intirieure 

Blank  leaves  added  during  restoration  may  appear 
within  the  te  <t.  Whenever  pouible,  these  have 
been  omitted  from  filming/ 
II  se  peut  que  certaines  pages  blanches  aiouttes 
lors  d'une  restauration  apparaissent  dans  le  texte, 
mais,  lorsque  ccia  *tait  possible,  ces  pages  n'ont 
pas  M  filmtes. 


L'Institut  a  microfilm^  le  meilleur  exemplaire  qu'il 
lui  a  M  possible  de  se  procurer.  Les  details  de  cet 
exemplaire  qui  sont  peut-4tre  uniques  du  point  de  vue 
Wbliographique,  qui  peuvent  modifier  une  image 
reproduite.  ou  qui  peuvent  exiger  uiw  modification 
dans  la  mithode  normale  de  f  ilmage  sont  indiqufa 
ci-dessous. 


D 

n 
0 
0 
0 
0 
o 
o 

0 
0 
0 


Coloured  pages/ 
Pages  de  couleur 

Pages  damaged/ 
Pages  endommagies 

Pages  restored  and/or  laminated/ 
Pages  restauries  et/ou  pelliculies 

Pages  discoloured,  stained  or  foxed/ 
Pages  dicolorees,  tachetics  ou  piquacs 

Pages  detached/ 
Pages  detachies 

Showthrough/ 
Transparence 

Quality  of  print  varies/ 
Qualite  in^le  de  I'impression 

Continuous  pagination/ 
Pagmation  continue 

Includes  index(es)/ 
Comprend  un  (des)  index 

Title  on  header  taken  from:  / 
Le  titre  de  I'en-tlte  provient: 

Title  page  of  issue/ 

Page  de  titre  de  la  livraison 

Caption  of  issue/ 

Titre  de  dipart  de  la  livraison 

Masthead/ 

GAnerique  (piriodiques)  de  la  livraison 


V 


Additional  comments:/  Pagination   is   as   follows:    p.    3-17. 

Commentaires  supplimentaires; 


This  Item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ce  document  est  film*  au  taux  de  rMuction  indiqui  ci-dessous. 

10X  14X  1IX 


22X 


n* 


XX 


t2X 


1CX 


20X 


2«X 


2Sx 


Ul 


Th«  copy  filmed  h«r«  has  b««n  raproducad  thanks 
to  tha  ganarosity  of: 

University  of  Toronto, 
Science  6  Medicine  Library 


L'axamplaira  film*  fut  raproduit  grica  i  la 
g4n4rosit4  da: 

University  of  Toronto, 
Science  6  Medicine  Library 


Tha  imagas  appaaring  hara  ara  tha  bast  quality 
possibia  eonsidaring  tha  condition  and  lagibility 
of  tha  original  copy  and  in  kaaping  with  tha 
filming  contract  spacificationa. 


Las  imagas  suivantes  ont  At*  raproduitas  avac  la 
plus  grand  soin.  compts  tanu  da  la  condition  at 
da  la  nattat*  da  l'axamplaira  film*,  at  ^n 
conformity  avac  las  conditions  du  contrat  da 
fiimaga. 


Original  copias  in  printad  papar  ?ovars  ara  filmad 
beginning  with  tha  front  covar  and  anding  on 
tha  last  paga  with  a  printed  or  illustratad  impraa- 
sion.  or  tf«a  back  covar  whan  appropriate.  All 
other  originel  copiea  are  filmed  beginning  on  the 
first  page  with  a  piintad  or  illustrated  impree- 
sion.  and  ending  on  the  last  paga  with  a  printed 
or  illustrated  impression. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  tha  symbol  — ^  (meaning  "CON- 
TINUED"), or  the  symbol  ▼  (meaning  "END"), 
whichever  appiiaa. 


Lee  exemplairaa  originaux  dont  la  couvertura  en 
papier  est  imprimie  sont  fiimis  sn  commandant 
par  la  premier  plat  at  an  tar'ninant  soit  par  la 
darniAre  page  qui  comporte  uno  amprainta 
d'imprassion  ou  d'illustration,  soit  par  la  second 
plat,  salon  la  cas.  Tous  las  autras  axemplairas 
originaux  sont  filmto  an  commandant  par  la 
premiire  page  qui  comporte  une  empreinte 
dimpreaslon  ou  d'illustration  at  an  terminant  par 
la  darhiire  page  qui  comporte  une  telle 
empreinte. 

Un  dee  symboies  suivants  apparaitra  sur  la 
darni4re  image  de  cheque  microfiche,  selon  le 
cas:  la  symbols  -*•  signifis  "A  SUIVRE".  le 
symbole  y  signifis  "FIN". 


Maps,  plates,  charts,  stc..  may  be  filmed  at 
different  reduction  retios.  Those  too  large  to  be 
entirely  included  in  one  expoeure  are  filmed 
beginning  in  the  upper  left  hand  comer,  left  to 
right  and  top  to  bottom,  as  many  frames  ss 
required.  The  following  diagrams  illustrate  ttie 
method: 


Les  eartaa.  planches,  tableaux,  etc..  peuvent  *tre 
filmte  A  dee  taux  de  .-Muction  difftrents. 
Lorsque  le  document  est  trop  grand  pour  Atra 
reproduit  en  un  seul  clichA.  il  est  filmA  A  partir 
de  Tangle  supArieur  gauche,  de  gauche  A  droite. 
et  de  haut  en  bas.  en  prenant  la  nombre 
d'imegea  nAceasaire.  Las  diagrammes  suivants 
illustrent  la  mAthode. 


1  2  3 


1  2  3 

4  5  6 


MICROCOPY   RBOUniON   TBT  CHART 

(ANSI  ond  ISO  TEST  CHART  No.  2) 


A 


TIPPLED  "7HGE    Inc 

1653  tatt  Mom  Str*" 

Roch««(«r.  Hvw  York    :*609   uSA 

(716)  *Kl  -  0300  -  Phon« 

(71»)  2M  -  5969  -  Fqm 


FROM  THE  TRANSACTIONS  OF  THE  ROYAL  SOCIETY  OF  CANADA. 

THIRD  SERIES— 1010 
voLtTMBiv.  .  sBcrnoN  in 


:==0 


'CD 


CO 


^ 


V 


Methods  ot  Investigation  of  Tides  and  Currents:  A  review  of 

the  general  methods  adopted,  in  a  new  field  of  investi- 

gation,  by  the  Tidal  Survey  of  Canada. 


BY 


W.  BELL  DAWSON,  MX,  D.Sc.,  M.  Istt.  C.E.,  P.II.S.C. 


OTTAWA 

PRINTID  FOR  THB  ROTAL  SOOUBTY  OF  CANADA 


SicmoN  III.,  1910. 


[31 


TRAN8.  R.  S.  C. 


I.— Methods  of  Investigation  of  Tides  and  Currents:  A  review  of  the 
general  methods  adopted  in  a  new  field  of  investigation,  by  the  Tidal 
Survey  of  Canada. 

Presidential  Address  to  Section  III. 

By  W.  Bell  Dawson,  M.A.,  D.Sc,  M.  Inst.  C.E.,  F.R.S.C. 

(Read  27th  September  1910.) 

It  may  be  of  interest,  at  the  present  stage,  lo  iv  iew  briefly  the 
investigations  of  the  Survey  of  Tides  and  Currents,  as  these  are  now 
sufficiently  fWenad  to  afford  a  good  general  knowledge  of  the  nature 
of  the  tio  '    coasts  of  Canada,  and  to  exemplify  the  methods 

best  adf"  »  with  tides  so  diversified  in  character  and  with  so 

little  kn    -  them  for  guidance  in  their  investigation.    This 

review  n^  .  be  n-  i  ropriate,  as  the  Royal  Society  has  always 

shown  a  real  interest    ;    the  matter,  and  has  taken  notice  of  the  pro- 
gress of  the  Survey  in  its  annual  reports  to  Council. 

Definite  steps  to  obtam  information  as  to  our  tides  and  currents 
were  first  taken  by  the  Marine  department  some  16  or  18  years  ago, 
and  the  Survey  for  the  purpose  was  organis;ed  as  a  branch  of  that 
department.  Although  its  primary  object  was  to  secure  practical 
data  for  the  benefit  of  navigation,  it  is  interesting  to  note  the  directions 
in  which  the  results  have  became  of  indispensable  value  to  other  de- 
partments in  the  Government  service,  as  well  as  to  our  coast  cities, 
for  other  than  maritime  purposes.  It  may  be  true  that  these  accessory 
results  have  been  obtained  by  extra  work,  outside  the  requirements 
of  the  Marine  department  for  the  interests  of  trade  and  commerce; 
but  they  serve  nevertheless  to  show  how  any  such  investigation  which 
the  Government  may  undertake  becomes  of  far  reaching  benefit  to 
the  country  at  large. 

To  make  the  present  review  as  brief  as  possible,  it  is  only  proposed 
to  outline  the  work  that  has  been  done,  sufficiently  to  explam  the 
general  procedure  which  has  proved  serviceable  in  obtaining  the  best 
results.  The  results  themselves  need  not  be  enlarged  upon,  aa  they 
are  already  published;  and  this  review  may  thus  serve  as  an  outline 
with  which  all  the  infoi  ..ation  published  may  be  connected  by  refer- 
ences. It  is  hoped  that  this  may  also  prove  of  some  service  to  others 
who  may  undertake  similar  investigations  in  new  fields  in  other  parts 
of  the  world. 
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Early  Representations,  and  Commencement  made. 

The  importance  of  publishing  tide  tables  for  Canadian  waters  and 
the  necessity  for  tidal  observations  was  discussed  as  early  as  1884 
The  question  was  taken  up  at  a  meeting     '  the  British  Association 
held  m  Montreal  m  that  year;  ard  the  Montreal  Board  of  Trade  were 
also  considering  the  matter  mdependently.    Ship  ownere  and  masters 
of  vessels  were  practically  unanimous  as  to  the  pressing    need  for 
knowledge  on  the  subject  of  tides  and  currents;  and  thev  united  with 
other  bodies  m  addressmg  a  strong  memorial  on  the  subject  to  the 
Domimon  Government.    During  the  re-survey  of  the  St.  Lawrence 
m  1887  and  1888,  the  matter  received  some  attention.    Various  repre- 
sentations were  made  and  petitions  addressed  to  the  Minister  of  Marine 
and  Fishenes  until  1889,  in  which  attention  was  drawn  to  the  average 
marme  loss  of  $2,782,000  per  annum,  as  well  as  239  lives-  a  certain 
pn  portion  of  this  loss  of  life  and  property  being  undoubte'dly  due  to 
imperfect  knowledge  of  the  currents.    It  was  also  urged  that  if  the 
number  of  narrow  escapes  of  vessels  from  disaster  or  wreck  were  known 
this  would  add  a  powerful  argument  m  favour  of  proceeding  with  the 
work  forthwith. 

icnn^  practical  commencement  was  made  in  the  following  season  of 
1890,  under  the  supervision  of  the  Director  of  the  Meteorological 
Service.  By  1893,  gauges  had  been  placed  at  St.  John  N  B  Quebec 
and  South-west  point,  Anticosti;  as  well  as  a  trial  station  on  the  Mae- 
dalen  islands  in  the  middle  of  the  Gulf  of  St.  Lawrence.  The  prelim- 
mary  steps  above  referred  to,  and  the  early  attempts  made,  are  fuUv 
descnbed  in  the  first  Report  of  Progress  (1). 

General  Methods  employed. 

At  the  outset  the  chief  desire  of  the  shipping  interests  was  to 
obtam  mformation  regardmg  the  tidal  streams  and  currents  on  the 
leadmg  steamship  routes.  Many  wrecks  were  attributed  to  unknown 
currents,  and  definite  mformation  on  the  subject  was  of  primary  im- 
portance. The  preliminary  information  collected  served  to  show  that 
extremely  little  was  known  regarding  the  tides  and  currents  of  Canada 
beyond  the  "Establishment"  at  a  certain  number  of  ports  and  an 
approximation  to  the  range  of  the  tide;  such  data  having  been  deter- 
mmed  durmg  the  early  Admiralty  surveys  of  these  coasts.  Tht.  '  was 
also  a  crude  attempt  to  publish  tide  tables  for  Quebec,  by  a  difference  of 
time  from  London  Bridge.  Some  early  tidal  observations  were  found 
at  Halifax  m  the  archives  at  the  Dock  yard.  The  gathering  of  this 
fragmentary  information,  and  the  beg  i-^.g  of  regular  observations 
at  a  few  places  m  a  somewhat  tentative  way,  was  all  that  had  been  done 
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up  to  1893,  when  the  writer  was  appointed  to  organize  a  survey  to 
carry  on  the  work  systematically. 

Tides.— Under  the  circumstances,  there  was  practically  a  clear 
field  to  work  upon.  The  tides  themselves  were  known  to  be  very 
complex  in  character,  as  they  ranged  from  almost  nothing  in  the  middle 
of  the  Gulf  of  St.  Lawrence  to  the  highest  in  the  world  in  the  Bay  of 
Fundy.  The  general  method  adopted  from  the  outset  was  to  establish 
principal  stations  at  strategic  points,  to  which  the  harbours  in  the 
surrounding  regions  could  be  referred.  It  was  the  intention  from  the 
beginning  that  the  principal  stations  should  be  adequately  equipped 
to  obtain  tidal  record  w'lich  coald  be  reduced  by  the  modern  method 
of  Harmonic  Analysis.  For  this  purpose  it  is  essential  to  have  con- 
tinuous record  day  and  night  throughout  the  year.  There  were  thus 
many  practical  difRcul+ies  to  be  overcome ;  such  as  the  heatmg  of  the 
tide  gauges  in  winter  oy  a  method  devised  for  the  earliest  stations, 
construction  problems  in  the  establishment  of  gauges  where  no  artificial 
structures  existed  and  the  exposure  was  severe,  and  the  design  of  an 
unfailing  recording  instrument  for  situations  where  no  repair  could 
be  obtained.  In  such  matters  little  help  could  be  found  in  anythmg 
previously  done  in  other  countries. 

The  two  essentials  for  tidal  observations  are  correct  time  and  some 
datum  or  plane  of  reference  from  which  the  height  can  be  measured. 
At  some  of  the  tidal  stations  tha  time  can  be  readily  as.:ertained,  but 
at  others  it  has  to  be  specially  obtained  either  by  telegraphic  signals 
or  by  meridian  instruments  whic  determine  the  time  directly  from 
the  sun.  At  almost  all  the  tidal  stations  it  has  been  necessary  to 
originate  a  datum  level  for  height,  and  to  stablish  a  bench  mark.  A 
tide  scale  is  set  with  reference  to  this  bench  mark,  to  maintain  a  uni- 
form datum  throughout  the  years  of  observation.  As  an  open  scale 
becomes  useless  in  the  winter  season,  on  account  of  the  aocumilation 
of  ice,  it  was  necessary  to  devise  special  apparatus  which  can  be  enclosed 
and  protected. 

With  regard  to  the  limits  of  accuracy,  it  is  sufficient  to  have  the 
time  correct  within  one  minute,  as  this  is  as  close  as  individual  readings 
can  be  taken  on  the  tide  diagrams.  The  limit  of  accuracy  for  height 
is  in  general  0.01  foot. 

The  equipment  of  the  tidal  stations  to  secure  a  continuous  record, 
summer  and  winter,  for  harmonic  analysis,  and  to  obtain  time  and 
height  for  the  observations  under  conditions  of  isolation  and  winter 
ice,  are  described  in  a  Paper  communicated  to  the  Institution  of  Civil 
Engineers  of  London  (2) . 

Cwn-cnte.— In  the  investigation  of  the  current?  the  aavan+age  of 
current  motel's  registering  electrically  was  ver>'      ident;  but  at  that 
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date  they  had  only  been  used  in  fresh  water,  and  there  waa  much 
difficulty  in  making  them  work  satisfactorily  at  sea.     By  their  use, 
however,  constant  observations  could  be  secured  day  and  night,  which 
was  essential  m  dealing   -"th  tidal  streams  which  show  so  much  in- 
equality in  strength.    The  velocity  of  the  current  was  measured  at 
the  standard  depth  of  18  feet  (three  fathoms).    This  was  adopted  to 
place  the  meter  below  the  keel  of  the  surveymg  steamer  when  lying 
between  wind  and  weather,  and  as  this  depth  may  be  considered  to 
be  the  average  draught  of  an  ocean  steamer,  it  thus  represents  the 
actual  effect  of  the  current  upon  a  vessel.    The  appliances  used  for 
ill  the  purposes  in  view  are  described  in  the  Reports  of  Progress  (3). 
Special  attention  was  also  given  to  the  study  of  the  under-current,  as 
normal  conditions  often  contmue  below  the  surface  during  tir-»s  of 
wind  disturbance  (4).    The  other  observations  taken,  included  the  tem- 
perature and  density  of  the  water,  and  r^steorological  data  for  com- 
parison with  the  behaviour  of   the  current.    The   wind  record   was 
obtained  from  an  anemometer  on  board,  and  the  barometric  variations 
were  registered  by  a  barograph. 

In  carrying  on  the  work  of  the  Survey,  the  surveying  vessel  was 
anchored  at  carefully  selected  stations,  and  the  vessel  itself  served  as 
a  fixed  point  from  which  to  determine  the  direction  and  velocity  of 
the  current.  In  this  way  as  much  information  ca,,  be  obtained  in 
24  hours  of  continuous  work,  as  in  a  wtek  by  running  measured 
courses.  Interruption  from  fog  is  also  avoided,  as  it  does  not  interfere 
with  the  continuity  of  the  observations. 

Investigation  of  the  Curren"^. 

Oulf  of  St.  Lawrence.— la  the  first  three  seasons,  1894,  1895  and 
1896,  a  general  investigation  of  the  Gulf  of  St.  Lawrence  was  made. 
The  relation  of  the  Gulf  area  to  the  ocean  was  ascertamed  by  obser- 
vations in  Cabot  strait,  between  Cape  Breton  and  Newfoundland,  and 
also  in  Belle  Isle  strait.  Similar  observations  were  carried  on  at  the 
m.  h  of  the  St.  Lawrence,  north  and  south  of  Anticosti,  to  determine 
the  relation  of  the  St.  Lawrence  estuary  to  the  Gulf.  The  temper- 
ature and  density  of  the  water  were  taken  throughout  the  Gulf,  which 
proved  a  valuable  means  of  tracing  the  general  circulation  of  the  water. 
The  results  of  these  mvestigations  have  been  fully  reported  in  the 
Reports  of  Progress,  and  they  are  also  summarized  in  a  special  pamph- 
let (5). 

It  will  therefore  suffice  to  note  garding  the  results,  that  no 
currents  exceedmg  one  knot  were  f  .  in  the  open  waters  of  the  Gulf 
apart  from  local  straits  and  passages.  This  in  itself  served  largely  to 
dispel  the  supposed  dangers  to  navigation  in  these  waters.     Erroneous 
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theories  were  also  disposed  of,  such  as  a  constai  t  inward  flow  through 
BeUe  Isle  strait,  which  has  undoubte.-'v  led  o  the  occurrence  of 
wrecks. 

Pacific  Coast.— In  dealing  with  the  passes  and  narrows  in  British 
Columbia  a  different  p-oceduiB  is  necessary.  The  strength  of  the 
current  is  from  8  to  10  knots  per  hour,  and  it  is  impracticable  to  anchor 
a  vessel  for  their  investigation.  Navigation  through  these  passes  is 
only  possible  at  slack  water,  and  vessels  have  to  time  their  trips  ac- 
cordingly Several  of  the  most  important  industries  of  the  provmce 
are  dependent  upon  towing,  as  in  the  transportation  of  lumber  and 
coal-  and  a  knowledge  of  the  time  of  slack  wator  is  therefore  essential, 
as  the  most  powerful  tugs  cannot  handle  a  coal  barge,  a  raft,  or  a  scow- 
load  of  freight  cars  when  the  current  is  running. 

In  these  circumstances,  the  method  adopted  >s  to  obsei  /e  the  turn 
of  the  curiant  from  the  shore.  This  has  been  done  for  several  of  the 
passes  where  there  is  any  habitation  or  lighthouse  from  which  r.'u- 
servations  can  be  made.  Other  passes,  through  which  an  .'..rnense 
traffic  goes  have  uninhabited  shores.  A  conseq  h  *■  difficuU  n  to 
obtain  correct  time.  It  is  necessary  to  place  a  r  lian  insti-u-nent 
by  which  the  time  can  be  oo.^ined  direct  from  the  sun,  or  to  iurnish 
the  observer  with  a  chronometer. 

The  object  in  view  is  to  ascertain  the  time  of  slack  water  relatively 
to  the  time  of  the  tide  as  observed  simultaneously  at  some  principal 
station  \  basis  is  thus  obtained  for  the  calculation  of  a  slack  water 
table  in  ailvance,  similar  to  a  tide  table.  In  reducing  the  observations 
for  this  purpose,  it  was  found  that  the  time  at  which  the  current  turns 
is  not  constant  with  relation  to  the  time  of  high  and  low  water;  but 
in  the  difference  between  the  two,  there  is  a  variation  of  a  complex 
character  because  of  the  half  tiaes  and  other  special  features  m  the 
tidal  fluctuation.  The  ...mual  variation  is  so  large  that  it  i  essential 
to  continue  the  observations  throughout  tne  course  of  the  year,  to  ob- 
tain a  satisfactory  basis  for  calculation. 

When  these  variations  are  determined,  the  time  of  slack  water 
can  be  computed  in  advance  from  the  calculated  tide  tables.  In  this 
way  slack  water  tables  are  now  published  annually  for  First  Narrows 
at  the  entrance  to  Vancouver  harbour,  Active  Pass  and  Poriier  Pass; 
and  good  determinations  have  been  obtained  also  for  Seymour  Narrows. 
Atlantic  Coast.— When  a  vessel  and  funds  were  gain  available 
for  current  investigation,  the  seasons  of  1903  and  1906  were  p'-ven  to 
the  steamship  routes  around  the  south  coast  of  Newfoundland  and  to 
a  more  systematic  investigation  of  Belle  Isle  strait.  The  question  o 
indraught  into  the  large  ba>.-  on  the  south  coast  of  Newfoundland 
was  fully  examined,  because  many  wrecks  were  attributed  to      us 
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influence.    The  results  for  this  region  and  for  Belle  Isle  strait  are  fullv 

and  1907  the  outer  part  of  the  Bay  of  Fundy  was  examined  chieX 
St  oL  nTI*":.'  International  and  Atlantic  steamship^uts  from 
St  John  N.B  to  Cape  Sable.     As  a  result,  the  direction  and  strenS 

fL     I   u\      .    f  '  ^^^  ^^^  ^^'°''  °^  extended  area  in  North  America 
for  which  detailed  information  is  available   of  a  similar  .h„.  ?! 
that  published  for  the  English  chamiel  and  the  Nort"  I  *° 

seaso?of'S"*'T;:  ''""^""^'''^"d  strait  were  investigated  in  the 
season  of  190S.  These  proved  to  be  exceedingly  complex  owin^  Z 
tidal  m^rference  from  its  two  ends;  which  occaLns  a    a^ge  dbmal 

?heTtiS'I  Sir™  "'"'^^  "•'  ''^  ^'^^  *'-  «^  ^^-'^  wa?e 
ine  strength  of  the  current  amounts  to  three  knots  in  some  of  th. 

oTpZLnS'.-  '"  "^^^^^ '''''''-'''-  ^^  -p'^^-^  ^-  ^-- 

of  Ji^V^"""^''!"  °^  T  *'^^**  ^"^*  ''"™"t«'  ««  d«««"bed  in  the  reports 

manv    anTtT'       "  "^^  "'^""'^^'^  -published,  especially  inT 
many,  and  the  reports  have  also  been  noticed  in  British  and  F,*nl 
magazines,  and  periodicals  in  the  United  States.    Some  genera,  arSs 
by  the  writer  have  also  appeared  in  "Nature  "  (9) 

Wind  Disturbance. 
found  to  set  in  the  same  direction  as  the  wind      R„t  ?ho   i        ^    u 

This  impression  «eems  to  havo  gained  currency  chiefly  because 

obiectrwasTl    ';'  •^'""^^""'  '^  "'"^^  ^'^^  drif't  of  smdl  S:!"" 
Objects  was  taken  to  represent  the  set  of  the  current.     The  drift  of 
he  mere  surface  or  skin  of  the  water  cannot  be  accepted;  as   he  d  Lc 
t.on  of  the  current  should  mean  its  movement  at  a  dep  h  o    at  lelt 
half  the  draught  of  an  ordinary  vessel.     The  impression  may  also  be 
due  in  part  to  the  difficulty  of  distinguishing  leeway  from  curren 
drift,  especially  in  the  old  sailing-ship  davs      It  is  «L  nZ       11 
that  in  obtaining  information  from  fisl^.rmen;  only  I     ast  oZv  't 
men  speak  .„  a  vague  way  of  the  current  running  UhthrwindTh 

r;^;:sr;ar:^-r^^^ 
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summarized  in  a  paper  contributed  to  the  Royal  Society  of  Canada  (10). 
The  effects  are  classed  under  the  headings  of  Weak  Currents,  Constant 
Currents,  and  Strong  Tidal  Streams.  The  importance  of  a  comparison 
of  the  under-current  with  the  surface  direction,  as  an  indication  of 
disturbance,  is  also  explained. 

Little  has  yet  been  done  by  this  Survey  in  the  study  of  the  influ- 
ence of  wind  and  barometer  in  modifying  the  height  of  the  tide.  There 
is  more  published  information  on  this  subject,  however,  than  on  the 
effect  of  the  wind  in  increasing  or  retarding  the  horizontal  movement 
of  the  water  and  disturbing  the  normal  conditions  which  would  other- 
wise prevail.  Some  attention  has  been  given  to  the  secondary  undu- 
lations shown  by  the  tide  curves,  which  are  apparently  related  to 
meteorological  conditions;  and  two  papers  in  which  examples  are  given, 
and  some  general  characteristics  in  their  mode  of  occurrence,  have  been 
contributed  to  the  Royal  Society  (11). 

It  may  be  well  to  draw  attention,  however,  to  the  excellent  oppor- 
tunity for  the  study  of  thi.s  whole  subject  which  the  St.  Lawrence 
estuary  affords.  It  is  one  of  the  largest  estuaries  in  the  worid,  with 
a  tide  of  only  four  or  five  feet  at  its  mouth,  increasing  to  neariy  20 
feet  at  its  head.  A  large  amount  of  material  is  now  available  for  the 
purpose,  as  this  Sur\  ly  has  now  accumulated  record  from  registering 
tide  gauges  continuously  during  14  years;  and  with  this,  there  are 
meteorological  observations  from  ten  stations  in  the  area  extending 
from  Quebec  to  Newfoundland,  and  daily  weather  charts,  which  have 
been  fyled  from  the  outset  for  comparison  with  the  tidal  observations 
themselves. 


Tidal  Investiqationb. 

The  general  method  adopted  for  the  investigation  of  the  tides, 
both  on  the  Atlantic  and  Pacific  coasts,  has  been  the  same  in  its  general 
features.  Principal  tide  stations  were  established  at  stategic  points 
to  s<'r\f  as  reference  stations  for  the  harbours  in  their  vicinity.  Owing 
to  the  clear  field  which  this  Survey  had  before  it  at  the  beginning,  the 
choice  of  principal  stations  was  unhampered;  but  as  practically  nothing 
was  known  regarding  the  character  of  the  tides,  it  was  necessary  to 
feel  the  way  carefully  to  avoid  the  undue  multiplication  of  principal 
stations  and  to  extend  as  far  as  possible  the  region  referred  to  each  of 
them. 

For  a  satisfactory  reference  station  the  position  chosen  had  to  be 
free  from  local  influences.  It  thus  happens  that  an  important  harbour 
may  be  entirely  unsuitable  as  a  port  of  reference,  because  of  its  situ- 
ation at  the  mouth  of  a  river  or  within  an  inlet.  On  the  other  hand, 
some  isolated  island  or  lighthoU8<>,  of  no  importance  whatever  on  its 
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these  comparisons  is  two-folH-  +^    k*  •  ,^  ^°^  °'^J^<'-  «' 

principal  sLion   a'd  tlalcerta  n  t?  >  ^f^'"'"^"'^^  "'^'^  ^'^^ 
be  referred  to  it     If  the  ZZT  *''r!''"'*«  »'  ^^^  "^g^on  which  can 

proved  to  i  constLt    it  t:        ""*  ^'  *'™'  "^  ^^^  ''''^  '"''  ''"*'' 

funher  co.paHrrw;^\:;  i^rs  :Lr?^n  ^*f^™' 

the  variation  in  the  difference  tself  had  TX  ^T""."'  '*"''°'^''  °'' 
for  calculation  purposes  A^rJ!  7  T^  .^  ''''^""^  *°  ^"'"^  'a^' 
without  the  47:7  J^'Z  S  tr  "'^  ^°^'  ^^'^  ''  ^°-' 

cape'S;^^  :i  titdCrb  -  vV^^t  "^^  ^"*--  ^— 

enter  the  Gulf  of  St  W.'  "V!  /'''  *^'  *'^''  °^  *^^  ^t'-'^ti^ 
St.  Paul  island  t  wa^  frnrno,\  t  '*f  °°  ^"'  ^^*^^"«*^«d  ^t 
harbours  on  th;  g"  f  c^a^Jb  NoT'  S  "  'p"  *°  *^'^  «*^*'°"  -»  *»»« 
New  Brunswick.    TLTu.ra^tht    f^  Pnnce  Edward  island  and 

-ky  en., ,,, ,  ht  sr^eVdirTo  Zin  r  u  r  t  ^•'^^ 

were  not  suitable  as  reJerenco  st  t        f  °°  '°^  Newfoundland  coasts 
to  the  Gulf.  '"  ''*'*'°"'  *°  ^°'»'"^"d  *his  main  entrance 

southi^t^orintL'irr"  *'""  r^^*-""^  ^^^^  -*'^'>'-^^^.-  at 

Queb..  by  mln?:f  vat^  d'ifferno^fcn  '^ThT  ''""r  '°^"  ^^°'" 
complex,  however,  that  Father  plt  Is  riiseJ t  th"  C  T'''-^'' 
cipal  statior      It  was  also  foun.l    hit    n  .t  ^^  '"*"''  °^  ^  P""' 

Lawrence,  as  well  as  ChaLr  .  av  n  V  ^'  T"  "'^^^^  °^  *»"'  «*• 
better  ad-antage  than  to  ol^  n  '^u^'  '"''^"'■•■'^^  '"^  '*  '^'th  much 
between  .I.e^-^o^tTstl^^^^^  ."     n  ^'^''  ^^'"^'  '^'  '^"^^''•-nee 

could  be  diipir ^rarTpTn'  onet:r  t.:it-'  ''-' ' 
iiiu.rU  by :  :e:r:i„:ranrT-re  crs'frif '^^ ''  r 

stations  above  referred  to  (l.{).  ™  *'''''  '''"•"'  °^ 

ne  ^noie  ba>  and  also  for  its  approaches  as  far  as  Capo 
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Sable.  A  second  station,  established  at  Yannouth  to  command  the 
outer  part  of  the  bay,  was  therefore  dispensed  with;  as  the  difference 
between  the  two,  in  the  time  of  the  tide,  was  found  to  be  quite  constant 
throughout  the  year  as  weU  as  during  the  course  of  the  month.  This 
difference  is  used  to  compute  the  Yarmouth  tide  tables.  The  hmit 
between  the  Bay  of  Fundy  and  the  Atlantic  coast  of  Nova  Scotia, 
which  is  referred  to  HaUfax,  is  sharply  defined;  as  immediately  inside 
of  Cape  Sable  the  tide  shows  distinctly  a  Bay  of  Fundy  type.  The 
turn  of  the  tidal  streams  throughout  this  region  is  also  referred  very 
satisfactorily  to  St.  John. 

The  Bore.— The  opportunity  was  taken  in  1898  to  make  an  exam- 
ination of  the  bore  on  the  Petitcodiac  river  at  Moncton.  The  rate  of 
rise  of  the  water  after  the  bore  passed  was  reduced  to  the  form  of  a 
profile  of  the  water  surface,  which  served  to  throw  Ught  on  the  nature 
of  this  tidal  feature.  A  description  and  diagrams  given  in  one  of  the 
reports  of  progress  is  republished  in  "Nature"  (14). 

Summary.— With  the  discontinuance  of  the  stations  above  re- 
ferred to,  after  a  sufficient  time  to  serve  their  purpose,  and  the  estab- 
lishment of  an  additional  station  at  Charlotte  uown  because  of  the 
complexity  of  the  tide  in  Northumberland  strait,  there  come  to  be 
six  principal  stations  in  Eastern  Canada,  for  which  tide  tables  are 
calculated  directly  by  harmonic  analysis.  The  regions  commanded 
by  these  stations  have  now  been  sufficiently  well  defined  to  make  it 
certain  that  all  the  harbours  of  Eastern  Canada  can  be  referred  to 
them  by  tidal  differences;  and  the  stations  serve  also  for  reference  in 
the  investigation  of  the  currents.  The  extent  of  the  various  regions 
is  described  briefly  in  the  tide  tables,  in  which  the  tidal  differences 
throughout  each  region  are  given. 

Pacific  Coast.— On  this  coast,  tidal  information  was  in  a  very  un- 
satisfactory position.  The  harbours  of  British  Columbia  were  referred 
to  ports  of  reference  in  the  United  States,  situated  in  Puget  sound  or 
on  the  open  coast.  These  were  necessarily  unsuitable  owing  to  the 
difference  in  the  character  or  type  of  the  tide.  A  tidal  station  was 
established  by  the  Public  Works  department  as  eariy  as  1895  in  the 
middle  of  the  Strait  of  Georgia.  It  was  situated  at  Sand  Heads,  off 
the  mouth  of  the  Fraser  river.  The  record  obtained,  although  much 
broken,  was  brought  into  shape  for  harmonic  analysis.  This  station 
proved  eminently  suitable  as  a  port  of  reference  for  the  harbours 
throughout  the  Strait  of  Georgia;  and  by  1901  tide  tables  for  it  wjre 
published  by  this  Survey.  This  proved  a  great  boon,  as  the  tide  of 
that  Strait  presents  special  features  which  make  it  impossible  to  de- 
duct it3  time  from  ports  of  reference  in  other  regions.  A  summary 
of  the  eariy  results,  up  to  1902,  is  given  in  one  of  the  reports  of  progress. 
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These  results  were  '^na^  ,.  -*i 
the  Admiralty  sun.:  rtf^'f  °°  t.d^  information  obtained  during 
correspondence,  before  the  I  Jc^ol  '^'''^.'^^^  -banged  fo^^ 
In  1905,  several  sfnfm^  *  ^^  ^'^ited  (15)  ^ 

Educing  the'  resuUs    t  wrfo"^"  ^^''^^^^^^  ^ong  thi  coast  •  and  on 
'nto  three  regions;  namT  thT wT'''  ^°  "'"'^^  ^^e  whole  co^^J 
region  of  the  Strai   of  Georgia  iJ.?  m  ""*  °^  ^^"^^^^e'"  island   the 
-laU  northward.     PrincS  ^ns^f  °^'^™  ^°"*  ^'°™  V-eo'ut 
yg'ons;  ,n  CJayoquot  sound/rsr^H  "r*T'  ^  ^^^^^  °^  t^e^ 
The  cit.es  on  the  coast  are  ^uhe  unTula^r    '  """^  "*  ^"'^  ^'^P^o^ 
tide  gauges  are  maintained  at  vLtnr      v      ^  ^^^^^  °^  reference   but 
a;»d  tide  tables  are  specify    IX^d  f    T:"'^""  '^'^^  ^""^^^  Rupert 
of  their  intrinsic  importance.  '^  '"'  *^^^  '^-boui.,  on  accS 

t;;e  cti^::£;  :J^it^;rtdtt  r*  v^-^^^y  ^^--d  by 

ation  with  the  change  in  the  dS  tiont'ir'^"*  ''  ^°  -^""^^  vari^ 
the  spnng  and  n.  ap  tides  are  S!  ^-  /•  ^^  '"°-     ^^  the  open  coast 
the  other  inequalities.     In  th^Strl  t  ofT'^^'f  ^'  -*-th'standtg 
becomes  so  large  as  to  dominate  evetott??'?'''  ^'""^^'  ^^^^"'^hty 
«n  importance  is  an  annual  voV?^  ^''''*"^^  o^  the  tide     NpJ 

t^pr'  -""^-'^  toT  i;re'£;^  ^t^  f  ^-r  °^  '^^  -  s 

the  Passes  .s  similarly  affected  Jth^  ,  *"  *"™  ""^  the  current  in 
«Jack  water  and  the  tide  shows  a  markejf '"°  '"'"*'^°  *»»«  time  S 
good  comparisons,  it  is  thus  desirahr,  1  ^"^  ''^"'**'«°-  To  obtab 
observations.  If  this  is  n^t  p"  S  It  t"'  ^'""  ^^^^  ''^  -multaneou^ 
or  e  so  the  comparisons  withThetferel  *:*  "'  "°°*^«  "^  "^ees^arj 
the  time  of  the  Equinox.  """'^  ''^''^'^  '""^t  be  made  aboTt 

Variable  Tidal  Diff 

are  two  periods  involved,  the  711?.     "^g'eeted;  but  even  if  there 
for  calculation  purposes    '  '"'''  °^  "^"^*'on  can  be  determined 

^ifferen^ce^t'atadyX^^^^^^^^^         T"^'  ---  in  the  tidal 
account.     For    in  ,«    *     «""ea,  is  the  only  one  necessnrr  +„  ♦  i     ■ 

••«.  both :;  :iiTj,7::L'''"r  -""-"'n. » ™»h'.t 
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for  lower  low  water  is  an  inverse  function  of  thfl  height  to  which  low 
water  falls.  This  would  not  justify  a  principal  station  at  New  West- 
minster; as  the  variation  can  be  ascerta'  for  calculation  purp  s, 
and  the  tidal  differences  for  high  water  auu  the  half  tides  are  constu.it. 
A  similar  distinction  is  required  in  the  case  of  lower  low  water,  in  cal- 
culating slack  water  in  First  Narrows  from  the  reference  station  at 
Sand  Heads. 

On  the  Lower  St.  Lawrence,  between  Father  Point  and  Quebec, 
the  variation  is  also  very  large  in  the  difference  of  time  for  low  water. 
It  was  not  possible  to  bring  the  variation  into  any  direct  relation  to 
the  height  of  the  tide.  It  was  found  to  be  chiefly  in  the  period  of  the 
synodic  month  with  the  moon's  phases,  but  requiring  a  large  outstand- 
ing correction  in  relation  with  the  moon's  distance.  The  tides  for 
Father  Point  were  calculated  oy  this  double  series  of  variables  in  the 
early  years,  before  the  harmonic  constants  were  determined  there. 

In  comparing  the  Miramichi  region  with  St.  Paul  island,  on  the 
opposite  sides  of  the  Gulf  of  St.  Lawrence,  there  is  apparently  a  rever- 
sal in  the  diurnal  inequality.  This  is  of  such  a  character  that  if  the 
tide  is  followed  in  its  actual  progress,  the  difference  in  time  is  not 
constant,  but  v&Ti°.8  so  widely  as  to  be  prof.ticsUy  valueless.  Never- 
theless, the  tides  at  Miramichi  can  be  deduced  from  St.  Paul  island 
by  a  constant  difference,  provided  that  it  is  taken  as  ea'-lier,  or  for  the 
preceding  tide,  as  this  reverses  the  alternation  to  which  the  diurnal 
inequality  gives  rise. 

After  entering  the  Gulf  of  St.  Lawrence  through  Cabot  strait,  the 
tide  changes  its  character  during  its  progress  towards  Northumberland 
strait;  and  on  reaching  that  strait,  the  diurnal  inequality  has  developed 
to  such  a  degree  that  the  tide  is  practically  under  the  control  of  the 
moon's  declination.  There  are  times  when  the  difference  in  range 
between  the  two  tides  of  the  day  is  as  great  as  the  difference  between 
springs  and  neap;  It  is  possible,  however,  to  refer  this  strait  to 
St.  Paul  island  by  means  of  two  series  of  variable  differences,  for  high 
and  low  water  respectively;  both  series  varying  in  accoi dance  with  the 
declination  of  the  moon  and  alternuung  with  its  upper  anil  lower 
transits.  The  tide  tables  for  Pictou,  in  the  middle  of  the  strait,  are 
calculated  from  St.  Paul  islanrt  by  means  of  these  differences,  and  the 
variation  in  the  moon'^  declination  during  the  I'J  yiar  cycle  is  also 
allowed  for  The  tides  for  Charlottetown  are  tl.eu  computed  from 
Pictou  by  means  of  differences  by  which  allowance  is  next  made  for 
a  variation  in  the  period  of  th"  synodic  month.  On  account  of  this 
double  variation,  Charlottetov  has  now  been  equipped  as  a  principal 
station. 

These  will  suffice  as  examples  of  variable  tidal  differences,  as 
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Utilized  in  this  Survey  to  avoid  the  multipUcation  of  the  principal  tidal 
STir  o^'tr'n'  "  '""^  '^'^'^'  -*^  tabulaterexatpK 
L^oJ^Ll^r"*  "'^*"'"^'  *°  *'^  ^^^'^  Astronon.alV 

Tide  Levels  and  Bench  Marks. 

if  hi'n*^^^f  'I''"  ^^""^"^  '^'^"^  °^  ^^^^^  ■«  yet  throughout  Canada 
It  has  usually  been  necessa-y  to  establish  a  local  Bench  Mark  ^^to 
ongmate  a  datum  plane  for  the  tidal  observafons.  Whe  "v"r  a  nfan^ 
S  ot; rtwo^r r'"  been  established,  it  was  mrrof;  b'ut  i 
to  wtL  t>  4H  r/'^  ^''*'"^  ^"^^^  *»^^t  Bench  Marks  exist 
1  Hdifit      tst  f  J°"vT'n''*""  ^  ^^^^^"^'  --«Jy.  Quebec 

t^e  datllf  ?K  Vi        "u^*"  ""*=''  ^"'"^^^  ^'^  taken  to  reestablish 
the  datum  of  the  harbour  chart,  the  result  was  only  approximate  (17) 
At  the  head  of  the  Bay  of  Fundy,  a  good  datum  wrestShed  £ 
tibe  engmeei^  of  the  Baie  Verte  canal;  and  simultaneous  obse^Itio^ 

tWs  dTtuml      °'  '^'r'rr'  ^^  with  the  open"  a  St" 

this  datum  the  exceptional  tides  at  the  head  of  the  oay  are  referred 

An  interesting  result  for  mean  se.  level  at  the  head  of  XIb^  SZdy 

has  been  deduced  from  these  observations  (IS).  ^ 

Bench  Marks  have  almost  always  been  established  both  at  fh« 

principal  and  secondary  stations,  even  when  tidal  obLrva? Lns  have 

oiUy  been  contmued  for  a  few  months.    These  are  valuable  at  present 

for  local  reference,  and  will  be  more  so  in  future,  when  they  are  cT 

nected  tog,ether  by  some  general  system  of  level  .    The  inch  Marks 

thus  established  along  the  St.  Lawrence  and  throughout  ^e  Maritime 

So^iir''?p''^.'""''^'  '"  "  ^^P^'  communicated  to  the  CanadL 
Society  of  CivUEngmeers  (19).    The  extreme  levels  of  high  andlow  wat^ 

Ll"  7TI  '^'■'""'^  "''  '""'^  «^^«"=  -«  well  as  the  tide  leveTa 
the  head  of  the  Bay  of  Fundy,  which  are  valuable  for  the  JjZ  o 
the  extensive  hay  lands  in  that  region,  known  as  dyked  marehes 

Ihe  value  of  mean  sea  level  at  Quebec  had  long  been  desired  bv 
3TiH',".'  '"""^  '''''  "'''^  ^'^^  -w  becom!  a^llabletere 

w^h  Attat?mr""  ,'T^  ^^«'*  ''"'"P'^^^  ^---  The  relatrn 
^1  h  Atlantic  mean  sea  level  at  New  York  was  accordingly  worked 

llZdtZT'  rr''  "^'^  ''  ^^^^^''^  -rveysYnd  cia 
ZuU  i      ■        •  determmations  made  in  the  United  States     The 

5vU  En.r"'  ^v,    ;°*'  communicated  to  the  Canadian  Soc'etyo 

a«~.ntif  "??-^°'"'"^'*  *^'  '"^"'^  ^^'^  ^  "^^  unsatisfactory  condition 
especiaUy  at  V  ictoria.    In  that  harbour  it  w.as  found  that  a  new  dim 
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had  been  adopted  "  ir  each  uew  purpose  as  it  arose.  The  datum  for 
city  works  had  been  altered  more  than  once.  The  Royal  Engineers 
and  the  Public  Works  department  had  independent  levels  of  their 
own.  Another  datum  was  used  for  the  harbour  chart,,  and  so  on. 
When  the  tidal  observations  were  begun,  much  trouble  was  taken  by 
the  writer  to  correlate  these  various  levels  and  to  r  '.opt  a  satisfactory 
plane  of  reference  for  the  future.  For  this  purpose,  instrumental 
levels  were  carried  to  Esqi.imalt,  as  some  datum  plane?  were  better 
defined  there  than  at  Victoria.  The  relation  between  all  existing  planes 
of  reference  was  eventually  determined  ar.H  broupht  into  relation  with 
the  tidal  observations. 

The  results  for  Victoria,  Vancouver  and  other  cities  and  towns 
of  British  Columbia,  are  given  in  a  Paper,  prepared  by  the  writer,  which 
was  published  by  the  Marine  department,  entitled  "Tide  Levels  and 
Datum  Planes  on  the  Pacific  Coast"  (21).  This  paper  contains  a  complete 
list  of  tlic  Bench  Marks  which  define  datum  planes  m  the  cities,  and 
also  those  which  define  the  low  water  datum  of  the  charts  at  all  points 
along  the  coast  where  Admiralty  surveys  have  been  made. 

Importance  of  Bench  Marks.— The  importance  of  establishing 
Bench  Marks  in  connection  with  tidal  observations  is  very  evident, 
as  it  is  only  from  these  observations  that  data  for  many  purposes 
can  be  obtained.  The  extreme  levels  of  high  ar:l  low  water  are  im- 
portant for  wharf  construction  and  docks,  and  also  for  sewerage  and 
other  city  works.  They  are  also  essential  for  dredging  operations  in 
the  deepening  of  harbours  and  channels.  T^  -;  value  of  mean  sea  level 
is  very  accurately  determined  by  the  cont.'.-  jus  observations  required 
for  harmonic  analysis;  and  where  there  is  a  Bench  Mark  for  reference, 
the  level  is  permanently  fixed.  This  determination  in  our  prmcipal 
harbours  affords  a  basis  for  geodetic  levelling;  and  it  u  also  utilized 
by  the  Public  Works  department,  the  Interior  department  and  the 
Geological  Survey,  as  well  as  for  our  principal  canals.  Such  determin- 
ations of  mean  sea  level  afford  the  only  means  b>  which  an  alteration 
in  the  level  of  the  continents  relatively  to  the  ocean  can  be  detected. 
In  several  -egions  such  gradual  changes  are  taking  place,  and  they 
have  a  practical  bearing  on  the  depth  of  harbours  and  channels.  In 
such  ways  as  these,  the  levels  as  determined  by  the  Tidal  Survey  have 
an  extended  value;  and  they  will  become  increasingly  useful  for  refer- 
ence in  the  future  as  the  country  develops  and  a  wider  accuracy  is 
required. 
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